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Aim: The aim of the present study was to investigate and compare the cephalometric effects of a conventional Hyrax expansion 
screw and a memory screw on the skeletal and dentoalveolar structures and soft tissues of the face.
Methods: Thirty-two patients with a maxillary transverse deficiency were divided into two groups. A memory-screw group 
included 17 patients (nine females and eight males), while a Hyrax-screw group was comprised of 15 patients (eight females 
and seven males). The mean ages of the subjects in the memory-screw and Hyrax-screw groups were 13.00 ± 1.29 and 12.58 
± 1.50 years, respectively. Lateral cephalograms were taken of the patients at the beginning of the treatment (T1), at the end of 
expansion (T2) and retention periods (T3). The mean expansion period was 7.76 ± 1.04 days in the memory-screw group and 
35.46 ± 9.39 days in the Hyrax-screw group. The Shapiro-Wilk Normality test was used to determine whether the investigated 
parameters were homogeneous. To determine the treatment changes within the groups, a paired t-test and Wilcoxon Signed Rank 
test were applied to the homogeneous and non-homogeneous parameters, respectively. A comparison between the groups was 
carried out using the Student’s t-test for homogeneous parameters and the Mann-Whitney U test for all others.
Results: A results summary indicates that mid-palatal sutural opening and subsequent important skeletal and dental expansions 
were obtained in all patients. The maxilla moved anteriorly and inferiorly in both groups while the mandible rotated inferiorly and 
posteriorly but to a greater extent in the memory-screw group.
Conclusion: The newly-developed memory expansion screw takes advantage of rapid and slow maxillary expansion protocols. 
The suture is opened and the maxilla expanded with relatively lighter forces over a shorter time. The RME using the memory 
screw resulted in similar sagittal and vertical changes to those produced by the Hyrax screw.
(Aust Orthod J 2016; 32: 31–40)
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Introduction
Angell1 introduced rapid maxillary expansion (RME) 
in 1860. Since then, maxillary expansion has been 
used in an attempt to increase maxillary transverse 
dimension.1,2 From the original jackscrew, the design 
of expansion appliances has improved and the Hyrax, 
Haas, Minnesota expander, Cap splint, and rigid 
acrylic bonded appliances are in contemporary use. 
The advantages and disadvantages of the various 
expansion appliances related to the dental, skeletal, 
and soft tissue responses have been well investigated.3-16 
Commonly, expansion appliances produce heavy and 
intermittent orthopaedic forces17,18 that Isaacson 
and Ingram18 measured to range from 1.5 to 10 kg, 
depending on the rate of activation.
Recently, Wichelhaus et al.19 described and evaluated 
a new maxillary expansion memory screw that 
incorporated nickel-titanium open coil springs in 
order to reduce excessive expansion forces. The 
screw could be activated six times a day to produce 
a constant force of 12–14 N (1224–1428 gr.), which 
produced effective and rapid expansion. According 
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to Wichelhaus et al.,19 the new screw could produce 
rapid, constant, and physiological expansion forces, 
which made the expansion procedure more effective, 
more physiological, and better tolerated by patients. 
Recently, Halicioğlu et al.20-22 and Halicioğlu and 
Yavuz23 reported on the memory screw and related 
nasal airway changes, transverse changes and 
subjective symptoms. Although memory screw studies 
have increased in recent years, to date none have been 
carried out to statistically determine the sagittal and 
vertical dimensional effects of maxillary expansion on 
the dentofacial structures. 
Therefore, the aim of the present study was to 
investigate and compare the cephalometric effects of a 
conventional Hyrax screw and a memory screw on the 
skeletal and dentoalveolar structures and soft tissues 
of the face.
Materials and methods
The material for the study consisted of lateral 
cephalometric radiographs of 32 patients aged 
between 11 and 14.5 years. All of the subjects had 
bilateral maxillary crossbites caused by basal apical 
narrowness and underwent maxillary expansion in the 
Department of Orthodontics, Faculty of Dentistry, 
Atatürk University, Erzurum, Turkey. The research 
was approved by the local ethics committee.
The patients were selected irrespective of their 
dentoskeletal characteristics and gender. They were 
randomly assigned into two groups to be treated either 
by memory screw or Hyrax-screw expansion. The 
maxillary first premolars and first molars were banded 
and expansion screws with four arms were soldered to 
the bands in both groups. The memory-screw group 
included 17 patients (nine females and eight males), 
whereas the Hyrax-screw group comprised 15 patients 
(eight females and seven males). The mean ages of 
the subjects in the memory-screw and Hyrax-screw 
groups were 13.00 ± 1.29 and 12.58 ± 1.50 years, 
respectively.
The patients were instructed to activate the conven-
tional Hyrax screw* twice a day (0.225 × 2 = 0.45 
mm) until the suture opened, and thereafter, one turn 
each day for the remainder of the expansion period 
(Figure 1). The patients were instructed to activate the 
memory screw** six times a day (0.2 × 6 = 1.2 mm) by 
turning twice in the morning, twice after lunch, and 
twice in the evening (Figure 2). The screws were acti-
vated until the occlusal aspect of the maxillary lingual 
cusps contacted the occlusal aspect of the facial cusp 
of the mandibular first molars, thus achieving the de-
sired transverse correction.
The mean expansion period was 7.76 ± 1.04 days in 
the memory-screw group and 35.46 ± 9.39 days in the 
Hyrax-screw group. The average total screw activation 
in the memory-screw group was 46.52 ± 6.42 turns and 
that in the conventional Hyrax-screw group was 40.46 
± 9.39 turns. Furthermore, the mean retention period 
was 6.42 ± 0.59 months in the memory-screw group 
and 6.17 ± 0.32 months in the Hyrax-screw group.
Figure 1. A male patient aged 14 years: (a) intra-oral view at the beginning of the treatment, (b) with 
Hyrax screw, (c) at the end of expansion, and (d) after the retention periods.
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Lateral cephalometric radiographs were taken of the 
patients at the beginning of treatment (T1), at the 
end of expansion (T2), and at the end of a retention 
period (T3). The subjects were consistently positioned 
facing toward the cassette with Frankfort horizontal 
(FH) plane parallel to the floor, the teeth in centric 
occlusion and the lips relaxed. The radiographs were 
scanned (Epson Expression 1860 Pro, Seiko Epson 
Corp., Nagonaken, Japan) under 100× magnification 
and digitised using Quick Ceph 2000 (Quick Ceph 
systems, CA, USA), following which 13 angles and 15 
dimensions were measured (Figure 3 and 4).
*Forestadent, Pforzheim, Germany; Forestadent USA, 
Figure 2. A male patient aged 13 years: (a) intra-oral view at the beginning of the treatment, (b) expansion 
with the memory screw, (c) at the end of expansion, and (d) after the retention periods.
Figure 3. Angle measurements on lateral cephalometric: 1: SNA, 2: 
SNB, 3: ANB, 4: Nasolabial angle, 5: Convexity, 6: SN/GoMe, 7: 
OP/SN 8: PP/SN, 9: 1-SN, 10: 1- GoMe, 11: 1-1. (12: 1-NA (0) 
and 13: 1-NB (0) angles not shown)
Figure 4. Distance measurements on lateral cephalometric: 1: Wits, 2: 
S-Go, 3: N-Me, 4: N-ANS, 5: ANS-Me, 6: Ls-E, 7: Li-E, 8: Ms- PP, 9: 
Mi- GoMe, 10: Is-PP, 11: Ii-GoMe. (12: 1-NA (mm), 13: 1-NB (mm), 
14: overjet and 15: overbite distances not shown).
10240 Bach Blvd., St. Louis, MO 63132. Product 
number: 167-1633 – Palatal split screw type ‘N’
**Forestadent, Pforzheim, Germany; Forestadent 
USA, 10240 Bach Blvd., St. Louis, MO 63132. 
Product number: 167M1529 – Memory expander 
type ‘N’
Statistical analysis
Fifteen of the 96 radiographs were randomly selected 
and remeasured by the same investigator two weeks 
after the initial analysis to calculate the error of the 
method. The method error was assessed using the 
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coefficient of reliability (CR) calculated for each 
measurement by applying the following formula: 
CR = 1−Se2/St2, where Se2 is the variance due to 
random error and St2 is the total variance of the 
measurements.24
The data were analysed using SPSS for Windows, 
version 10.0 (SPSS Inc., IL, USA). The Shapiro-
Wilk normality test was used to determine whether 
the investigated parameters were homogeneous. To 
determine treatment changes within the groups, a 
Paired t-test and Wilcoxon Signed Rank test were 
applied to the homogeneous and non-homogeneous 
parameters, respectively. A comparison between the 
groups was carried out using the Student’s t-test for 
homogeneous parameters and by the Mann-Whitney 
U test for all others.
Results
The value of the coefficient of reliability was above 
0.90 for all measurements except for one parameter 
(Table I).
Changes within the group
The means and standard deviations of the changes 
seen in the dentofacial structures in the memory-
screw and Hyrax-screw groups, and their within-
group comparisons, are shown in Tables II and III.
Changes in the memory-screw group
During treatment (T1-T2)
SNA, ANB, convexity, S-N/GoMe, 1-SN, 1-NB 
and 1-GoMe angles, Wits, S-Go, N-Me, ANS-Me, 
Ms-PP, overjet, Is-PP, Ii-GoMe and 1-NB distances 
significantly increased during treatment (p < 0.001, 
p < 0.01 ); SNB, 1-1 and PP/SN angles significantly 
decreased (p < 0.001, p < 0.01); overbite, Ls-E, and 
Li-E distances significantly decreased (p < 0.001, 
p < 0.05).
Retention period (T3-T2)
SNB, 1-1 and PP/SN angles, Mi-GoMe, overbite, S-Go 
Ii-GoMe, and Li-E distances significantly increased (p 
< 0.001, p < 0.01, p < 0.05); SNA ANB, convexity, 
SN/GoMe, 1-SN, 1-NA, 1-NB and nasolabial angles 
(p < 0.001, p < 0.01, p < 0.05) and ANS-Me, 1-NB, 
overjet and N-Me distances significantly decreased (p 
< 0.001, p < 0.01).
Total treatment period (T3-T1)
SNA, SN-GoMe, ANB, convexity, 1-NB and 1-GoMe 
angles (p < 0.001, p < 0.01, p < 0.05) S-Go, N-Me, 
N-ANS, ANS-Me, Ms-PP, Mi-GoMe, Ii-GoMe, 
Wits, Is-PP and overjet distances (p < 0.001, p < 0.01) 
significantly increased, while 1-NA, 1-SN, and PP/
SN angles (p < 0.001, p < 0.01, p < 0.05) and 1-NA 
































Nasolabial angle (0) 0.9812
Table I.  Coefficients of reliability of the measurements.
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Changes in the Hyrax-screw group
During treatment (T1-T2)
SNA, ANB, convexity, S-N/GoMe, 1-NB and 
1-GoMe angles (p < 0.001), Wits, N-Me, ANS-Me, 
Ms-PP, overjet S-Go, Is-PP, Mi-GoMe and Ii-GoMe 
distances (p < 0.001, p < 0.01, p < 0.05) significantly 
increased. SNB, PP/SN and 1-1 angle (p < 0.001) 
and overbite and Ls-E distances (p < 0.001; p < 0.01) 
significantly decreased.
Retention period (T3-T2)
SNB, 1-1 and PP/SN angles (p < 0.001, p < 0.05) 
and S-Go, overbite, Ls-E, and Mi-GoMe distances 
(p < 0.001, p < 0.01) significantly increased. SNA, 
ANB, convexity, SN/GoMe, 1-SN, 1-NB and 1-NA 
angles (p < 0.001, p < 0.01, p < 0.05) and N-Me, 
ANS-Me, overjet and Is-PP distances (p < 0.001, 
p < 0.01) significantly decreased.
Total treatment period (T3-T1)
SNA, ANB, SN-GoMe, 1-GoMe, convexity and 1-NB 
angles (p < 0.001, p < 0.01, p < 0.05) significantly 
increased and 1-NA, PP-SN and 1-SN angles (p < 
0.001, p < 0.01) significantly decreased.
Comparison between the groups
The means and standard deviations of the observed 
treatment changes and the comparisons between the 
groups are shown in Table IV.
There were significant differences between groups in 
1-SN and 1-1 angles (p < 0.01) and overbite distance 
(p < 0.05) during treatment (T2-T1); in Ms-PP, Ii-
GoMe, overbite, and overjet distances (p < 0.01, p < 
0.05), ANB, 1-SN, 1-1 and 1-NA angles (p < 0.05) 
at the end of the retention period (T3-T2); in S-N/
GoMe angle, ANS-Me and Ii-GoMe distances (p < 
0.05) over the total treatment period (T3-T1).
Discussion
Bishara and Staley3 found that the optimal age 
range for expansion was 13–15 years. In addition, 
Sari et al.25 reported that the orthopaedic effects of 
maxillary expansion at this time were not as great as 
those expected at early ages, and it might be a better 
alternative to delay maxillary expansion to the early 
stage of the permanent dentition. In the present 
study, the mean ages of the subjects in the memory-
screw and Hyrax-screw groups were 13.00 ± 1.29 
and 12.58 ± 1.50 years, respectively. The patients 
were in the early permanent dentition and there was 
no statistically significant age difference between the 
groups. However, no control group was used since 
the total observation period of this study was seven 
months on average for both groups. It was considered 
that growth increments over such a short period 
would be negligible.
The memory screw is the first banded appliance that 
applies a continuous rather than an intermittent force 
and includes both screw and nickel-titanium springs. 
No study has been performed to investigate the sagittal 
and vertical effects of maxillary expansion caused by 
a memory screw on the dentofacial structures. Hence, 
the purpose of the present study was to investigate and 
compare the sagittal and vertical changes in subjects 
treated by a conventional Hyrax screw and a memory 
screw.
Previous investigators have reported that the use of an 
RME resulted in a differential downward movement of 
the maxilla, more at PNS, which resulted in an increase 
in the palatal plane (PP) angle, upper face dimensions 
and forward maxillary movement.5,8,26-28 The current 
data clearly showed that there was a statistically 
significant forward and downward displacement of the 
maxilla that led to an increase in the SNA angle and 
N-ANS (upper face height) dimension and a decrease 
in PP-SN angle during treatment (T2-T1) to the end 
of the retention (T3-T1) in both groups. However, 
the present findings questioned the concept that no 
sagittal maxillary changes were induced by RME.4,29,30 
This may be due to individual variation27 or the use of 
different expansion appliances.
Bishara and Staley3 reported that, as a result of the 
downward and forward movement of the maxilla 
following the use of an RME, tipping and extrusion 
of the upper teeth caused the mandible to rotate 
downward and backward. This movement resulted in 
a decrease in the SNB angle and an increase in lower 
and total face heights. In contradistinction, Sarver and 
Johnston29 reported that the mandible did not rotate 
downward and backward after RME. This difference 
may be explained by different RME appliances. In 
the present study, SNB and SN/GoMe angles, and 
N-Me (anterior face height) and ANS-Me (lower face 
height) dimensions increased during treatment (T2-
T1), and suffered little relapse to the end of retention 
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(T3-T1) in both groups. However, statistically 
significant differences were found in SN/GoMe angle 
and ANS-Me distance between the groups at the 
retention period. It was concluded that the mandible 
rotated inferiorly and posteriorly in both groups, but 
this rotation was greater in the memory-screw group.
The literature has neglected the effects of maxillary 
expansion on the facial soft tissues. Walters31 reported 
that during sutural opening in monkeys, there were 
no positive or negative changes in the profile. In the 
present study, statistically insignificant changes of the 
soft tissue parameters (Ls-E and Li-E distances and 
nasolabial angle) were seen in the groups during the 
observation period. Only minor changes occurred in 
these parameters in both groups. Kılıç et al.32 reported 
that maxillary expansion may affect soft tissue 
measurements. Basciftci and Karaman33 revealed that 
the use of maxillary expansion resulted in forward 
movement of the upper and lower lip. The rigid 
acrylic bonded expansion appliances used in the two 
studies32,33 contrasted with the appliances used in the 
present study, which may explain the differences in 
the results.
Haas8 estimated that the incisors separate approxi-
mately at half the distance the expansion screw has 
been opened during active expansion. Diastema open-
ing was observed in all patients in the present study, 
but was clinically greater in the memory-screw group 
(Figure 1 and 2). Additionally, the maxillary central 
incisors protruded after expansion (T2-T1) in both 
groups, but 1-SN increased more in the memory-screw 
group. It was considered that the elastic capability of 
the trans-septal fibres was exceeded because maxillary 
expansion was achieved over a shorter period in the 
memory-screw group. However, the maxillary central 
incisors tended to extrude relative to the S-N plane 
and, in 76% of the patients, were more upright after 
retention.3 In addition, the maxillary posterior teeth 
extruded relative to the palatal plane as a result of the 
maxillary expansion.33 Upper posterior dentoalveolar 
height (U6–PP) increased approximately 1 mm at the 
end of the treatment period (T2-T1) in both groups. 
In the Hyrax-screw group, U6–PP distance decreased, 
while in the memory-screw group the distance in-
creased during the retention period. Halicioğlu and 
Yavuz23 reported that during retention interpremolar 
and intermolar widths decreased in the conventional 
Hyrax group whereas both measurements increased in 
the memory-screw sample. It was considered that the 
limited expansive effects of the nickel-titanium coil 
spring in the memory screw might provide an expla-
nation. In the present study, the increase in U6–PP 
distance may also have resulted from the coil spring in 
the memory screw that continued to provide a level of 
expansion during the retention period. 
Conclusion
It may be concluded that sutural opening and 
subsequent important skeletal and dental expansions 
were obtained in all patients in both groups. The 
maxilla moved anteriorly and inferiorly in both 
groups, which caused the mandible to rotate inferiorly 
and posteriorly. The rotation was greater in the 
memory-screw group. The newly-developed memory 
expansion screw takes advantage of both rapid and 
slow maxillary expansion protocols as it opens the 
mid-palatal suture and expands the maxilla with 
relatively lighter forces over a shorter period of time. 
However, further investigations with a larger sample 
size should be carried out to confirm the results of 
this study.
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